were also discovered and tentatively identified.
INTRODUCTION
Perfluorinated alkyl substances (PFAS) are a class of chemicals used in a range of applications due to their water and stain-resistant properties. They have been produced in high volumes for several decades and combine bioaccumulative potential, toxic effect and extreme persistence [1] . As a consequence of their use for more than 60 years, residues of PFAS are widely spread in the environment [2, 3] . Some of these compounds can bioaccumulate and biomagnify in the food chain [4] [5] [6] , and have been detected in humans [7, 8] . The ubiquitous presence of these PFAS in the general population, their long half-lives, and increasing evidence of potential adverse health effects, is of concern.
Among these ubiquitously found anthropogenic chemicals are perfluoroalkane sulfonates and perfluorocarboxylates with 4-15 carbon atoms in chain length. The most widely investigated compounds of these groups are the C8-chemicals perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS) [9] . They have been used for over 50 years in the production of consumer products including carpet and upholstery stain-protectants, foodcontact paper coating, nonstick cookware, waterproofing sprays, and windshield wash [10] .
Due to their non-volatile and lower water-soluble properties of PFOA/PFOS, two different theories are their concerning transportations pathways. Either the moderately water-soluble compounds including shorter-chain perfluorocarboxylates could be transported directly by sea currents or by means of sea-spray. Alternatively, a suite of volatile, neutral precursors could undergo long-range atmospheric transport and be degraded in situ to form persistent PFOA and PFOS [11] . Possible atmospheric precursors include a number of fluorotelomer alcohols (FTOHs) as well as N-alkylated fluorooctane sulfonamides and sulfonamidoethanols (FOSAs/FOSEs). The second hypothesis is strongly supported by the number of smog chamber degradation experiments, and by the determination of neutral PFAS at ground level at the North American troposphere [9] .
Analytical methods for neutral PFAS (volatile FTOHs and FOSAs/FOSEs) in environmental and indoor air include mainly gas chromatography coupled to mass spectrometry with chemical ionization (GC/CI-MS) usually in positive mode (PCI) because it produced the molecular ion [M+H] + , and one or two characteristic fragment ions for all FTOHs and FOSEs with the exception of FOSAs for which only one ion could be detected in PCI [9] . Therefore, confirmation of FOSAs in samples is always performed in negative ion chemical ionization (NICI) mode, wherein three fragments can be monitored [12] . In contrast, electronic ionization (EI) is not frequently used because of the low intensity of the molecular ions and the lack of specific fragments. As an alternative to GC/MS methods, the analysis of neutral PFAS by LC/MS was also reported [13, 14] . However, in LC/MS methods the co-analysis of nonionic and ionic PFAS is impeded by ionization suppression of FTOHs caused by the buffered mobile phases needed for the chromatographic separation of ionic PFAS [14] .
The recently revived atmospheric pressure chemical ionization (APCI) source has been satisfactorily applied for GC-amenable compounds such as pesticides, PAHs, PCBs and, very recently, PBDEs, dioxins and dioxin-like PCBs [15] [16] [17] [18] . The soft ionization generated by this source promotes the formation of the molecular ion and/or the protonated/deprotonated molecule (quasi-molecular ions) as the base peak of the spectrum in most cases, with low fragmentation degree, if we compare against the high fragmentation generally observed by EI. This allows the selection of ([M+H] + or M +· ) as a precursor ion for the SRM transitions which turns into a sensitive and specific analyte detection and identification. Moreover, this source has also been revealed more universal than the traditional CI source, which is not as universal as EI and requires various injections of the sample to cover a wider range of analytes being rarely used in multiresidue methods [19] .
In the present work the potential of atmospheric pressure chemical ionization (APCI) combined with GC-MS/MS with triple quadrupole analyzer has been investigated for the sensitive determination of FTOHs and FOSAs/FOSEs in surface water. GC-(APCI)QTOF MS has been also explored for the investigation of new related PFAS. Up to our knowledge this is the first study of this APCI source applied to FTOHs and FOSAs/FOSEs analysis.
EXPERIMENTAL

Reagents and Standards
The fluorotelomer alcohols (FTOHs): 4:2 FTOH) was purchased from Fluorochem Ltd. Ehrenstorfer Gmbh (Augsburg, Germany) ( fitted with black Viton septa were filled with water without headspace and stored in the dark at 4 ºC before being analysed. Field blanks consisting of 1000 mL of natural mineral water were prepared at the same sampling points and they were analysed along with the water samples.
Sample treatment
The target compounds were extracted from water samples using solid-phase extraction The suitability of the method was further evaluated with a blank river water sample spiked with all the compounds at two concentration levels (1 ng L −1 and 10 ng L -1 ) using Oasis HLB. Recoveries of all the compounds ranged from 80% to 97% with a relative standard deviation (RSD %) lower than 10%.
Instrumentation
GC-(APCI) MS/MS
Data were acquired using a GC system (Agilent 7890A dwell time (values ranging from 9 to 46 ms) was applied in order to obtain 15 points per peak. The interface temperature was set to 240 ºC using N2 as auxiliary gas at 250 L hr -1 , a make-up gas at 300 mL min -1 and cone gas at 170 L hr -1 . The APCI corona discharge pin was operated at 1.6 µA. The ionization process occurred within an enclosed ion volume, which enabled control over the protonation/charge transfer processes. Targetlynx (a module of MassLynx) was used to handle and process the acquired data.
GC-(APCI)QTOF MS analysis
An Agilent 7890N gas chromatograph (Palo Alto, CA, USA) equipped with an Agilent 7683 autosampler was coupled to a quadrupole time-of-flight mass spectrometer, Xevo G2 QTOF (Waters Corporation, Manchester, UK), operating in APCI mode. The GC separation was performed as explained in the previous section. The interface temperature was set to 240 ºC and of the source to 150 ºC using N2 as an auxiliary gas at 150 L hr -1 , a make-up gas at 300 mL min -1 and a cone gas at 16 L hr In the latter case a collision energy ramp (10-40 eV) rather than a fixed higher collision energy was used.
Heptacosa (Sigma Aldrich, Madrid, Spain), was used for the daily mass calibration.
Internal calibration was performed using a background ion coming from the GC-column bleed as lock mass (m/z 257.2473).
GC-(EI) MS and GC-(CI) MS analysis
GC-MS determination of the target compounds using both electron ionization (EI) and chemical ionization (CI) modes were performed on a Thermo Trace GC 2000 Series gas chromatograph (ThermoFisher Scientific, Milan, Italy) coupled to a DSQ II mass spectrometer (ThermoFisher Scientific). Chromatographic separation was carried out using the same GC conditions than those previously described. The QMS operating conditions were as follow: ion source and transfer line temperatures were set to 180°C and 240°C, respectively; electron energy was 70 eV and 120 eV for EI and CI (positive and negative modes), respectively; and an emission current of 50 µA. Methane was used as reagent for CI experiments at an optimum flow rate of 2 mL min -1 for PCI and 2. 
RESULTS AND DISCUSSION
Ionization and fragmentation behaviour under EI and CI.
In general, the electron ionization (EI) full-scan spectra of FTOHs showed a high fragmentation pattern, wherein [CF3] + and [CF2-CH2-CH2-OH] + were the most intense ions produced with a minor presence of the molecular ions (<10%) as can be seen in ions. Comparing the three ionization modes, EI yielded highly fragmented mass spectra with the absence of the molecular ion. Although PCI gave the best signal intensity for
FTOHs and NICI showed the best performance for FOSAs and FOSEs, the signal intensity were lower than those frequently observed when using these ionization techniques. The instrumental limits of detection estimated for this family of compounds using GC-(PCI) MS and GC-(NICI) MS ranged from 0.8 to 1.8 pg injected, which are relatively high for environmental analysis.
Ionization and fragmentation behaviour under APCI.
The "soft" ionization behaviour of the new interface was tested using volatile FTOHs and Table 1 . In some cases where the accurate mass measurements was necessary for fragmentation study, GC-(APCI)QTOF MS data was also used (see Table 1 ).
GC-(APCI) MS/MS method performance
As explained above, FTOHs, FOSAs and FOSEs showed already the presence of [M+H]
+ on APCI spectra even under "dry" conditions. Some "modifiers" were added in the gas phase to favour this protonation and improve sensitivity and reproducibility of the absolute response. Thus, the addition of only water or acidified water with HCOOH (0.5% v/v) as modifiers was studied and compared with the results obtained without them. The modifier was placed in an uncapped vial, which was located within a specially designed holder placed in the source door and transferred to the gas phase due to the source heat.
Absolute response for [M+H] + increased around 3 times for FTOHs and around 5 times
for FOSAs/FOSEs, except for N-MeFOSA (only twice) when adding simply water as modifier. Thus, the addition of HCOOH 0.5% to improve protonation was evaluated, however, a slight decrease was observed for all compounds in comparison to "dry"
conditions (see Figure 1S ). The repeatability of response (n=10 at 0.1 and 1 ng mL -1 ) was also studied under different conditions and was found to be similar in all cases, with RSDs among 3-12%. Finally, the addition of non-acidified water as modifier was selected for further experiments.
Linearity of absolute response of analytes was established by analyzing standards solutions, in triplicate, in the range of 0.01 -100 ng mL -1 . The correlation coefficients (r) were higher than 0.99, with residuals lower than 20% for all the compounds. Instrumental
LODs obtained were among 1-2 fg for all the compounds (5 fg for N-MeFOSA) being always lower than those previously reported in the literature using other ionizations sources. Figure 2 shows the excellent sensitivity that can be reached by GC-(APCI)MS/MS. At 0.01 ng mL -1 (10 fg injected) S/N was still around 50 for all compounds. As can be observed in Figure 3 , the LODs (fg injected) obtained with GC-(APCI) MS/MS are even 100 times lower than those found in the literature as EI with [22] , all of them based on the use of combinations of GC with EI, NICI and PCI with quadrupole, ion traps and high resolution mass spectrometry.
high resolution MS (EI-HRMS), NICI-QMS (SIM) and NICI-MS/MS (SRM) [21] and also experimentally as ion trap detector (ITD) with EI-SIM (EI-ITD (SIM), EI-QMS (SIM), PCI-ITD (SIM) and PCI-QMS (SIM)
Study of matrix effects
Matrix effects were checked comparing responses of standards prepared in hexane (10 µg L −1 ) (R1) with those of standards added into the final ethyl acetate extract obtained after applying the overall SPE procedure (10 µg L −1 in the extract) (R2) for three different blank water samples. Then, matrix effects were quantified by determining the R2/R1 ratio (%). As can be seen in Figure 2S , most of studied compounds exhibited a relative response factor between 80 and 120 %, which means that no severe matrix effects affected the response of the analytes after application of the overall analytical procedure in any of the three samples selected, so calibration could be prepared with standards in solvent independently of the water samples analyzed. This was in contrast to other applications in food matrices, where a signal suppression was observed [15] .
Analysis of water samples
The developed methodology was applied to the determination of volatiles FTOHs, FOSAs and FOSEs in nine different water samples. Also, a system blank was included in the sequence to prove the absence of laboratory contamination. Samples that had been previously analyzed by GC-(PCI) MS and reported as negative samples
were run again by GC-(APCI)MS/MS. Table 2 shows that concentrations found were all below 100 pg L -1 . Among the positive findings, those found at higher concentrations were 
GC-(APCI)QTOF MS analysis
During the GC-(APCI)MS/MS analysis, one additional peak was observed in the three influent wastewater samples that shared four out of the six transitions studied for the NEtFOSA and which appeared at a slightly higher retention time (relative retention time, r = 1.012 with respect to N-EtFOSA) (see Figure 5A) . The common SRM transitions were the following: 528>416, 528>231, 528>181, 528>131. In order to try to identify this unknown compound, and due to the availability of GC coupled to (Q)TOF analyzer by APCI, full spectrum data was studied at r = 1.012 with respect to N-EtFOSA. The accurate mass of the protonated molecule of this unknown compound was determined to be m/z 526.9966 from the APCI spectrum, which revealed that 527.9987 would correspond to the 13 C isotopic ion. Isotopic pattern gave us also the information of the presence of an S atom in the structure. Elemental composition resulted on C11H8O2F17S.
Looking at the HE spectrum (
Figure 5B Table 2 ).
These methyl-sulfone compounds and its relation with FTOHs structure could be S/N:PtP: peak-to-peak signal-to-noise ratio 
